Abstract
Introduction
Lung cancer is the most common cause of cancer-related death among men and the second most common cancer-related death among women worldwide [1] . For about 25% of the NSCLC patients, the tumor is diagnosed at an operable stage. The tumor-node-metastasis (TNM) staging system currently represents the best prognostic factor for NSCLC patients in clinical use. However, despite a low TNM stage the risk of recurrence after curatively intended surgery remains high [2] . Tumor markers are easily measured in serum and could thus serve as a convenient complementary method both for diagnostic purposes and for assessment of the risk of metastases. The usefulness of different tumor markers in lung cancer diagnostics, prognostics and disease monitoring has been studied intensely, but often with conflicting results. We have investigated the prognostic role in lung cancer of five tumor markers (CEA, CA 125, HE4, NSE, and CA , all of which are established in management of different cancers other than lung cancer as described below. We investigated if these tumor markers, already available for clinical analysis and use, could be applicable in lung cancer.
Carcinoembryonic antigen (CEA) is a glycoprotein produced during embryonal and fetal development. In adults it is produced in low amounts in the gastrointestinal tract, the pancreas and liver. Elevated CEA in cancer is hypothesized to be caused by a loss of repression of CEAencoding genes [3] . CEA is frequently used as a tumor marker in colon carcinoma [4] . In lung cancer, the use of CEA has been reported for differential diagnosis of malignant lung tumor, monitoring of therapy in advanced stages of disease and for detection of recurrent disease [3] . Several studies have suggested CEA as a prognostic marker in non-small cell lung cancer (NSCLC) but results are conflicting [5] .
Cancer antigen 125 (CA 125) is a glycoprotein produced in fetal tissue but also in mesothelial cells in adults. It has been extensively studied as a tumor marker for screening and management of ovarian cancer [6, 7] . There are also reports of CA 125 as a marker for worse prognosis in lung cancer [3, 8, 9] .
Human epididymis protein 4 (HE4) is a protein expressed in tissues such as genital tract and respiratory epithelium. Overexpression of the protein has been detected in ovarian cancer but also in lung adenocarcinoma and other cancers [10] . It has been suggested as a tumor marker useful in diagnosing ovarian cancer, especially in premenopausal women [7] . In lung cancer it has been suggested as a potential diagnostic [11, 12] and prognostic marker [12, 13] .
Neuron-specific enolase (NSE) is a glycolytic neurospecific isoenzyme. It is found in tumors of neural and neuroectodermal origin such as small cell lung cancer (SCLC) and neuroblastoma. It has been reported both as elevated at time of diagnosis and suggested to be useful in follow-up in patients with SCLC. NSE is also found in erythrocytes, plasma cells and platelets and may be released to serum due to hemolysis in the procedure of venipuncture [14] . In patients with NSCLC, NSE has been suggested as a prognostic marker [15] and some studies have presented an association between increased NSE and shorter survival in EGFR-mutated NSCLC treated with tyrosine kinase inhibitors (TKI´s) [16, 17] .
Carbohydrate antigen (CA 19-9) is used in management of pancreatic tumors [18] . It has also been studied in lung cancer. CA 19-9 in bronchoalveolar lavage fluid, but not in serum, has been identified as a potential diagnostic marker of lung cancer in a study by Ghosh et al. [19] . Ma et al. [20] studied the prognostic value of CA 19-9, NSE, Squamous cell carcinoma antigen (SCC) and Cytokeratin 19 fragment (CYFRA21.1) in serum in stage I NSCLC and showed that CYFRA21.1, but none of the other tumor markers, might be a prognostic marker.
The aim of this study was to investigate the prognostic association of these tumor markers, measured pre-operatively, in a cohort of patients with surgically treated lung adenocarcinoma.
Material and methods Patients
All patients in this study were described previously, as part of the Southern Swedish Lung Cancer Study [21] . The patients were treated surgically at the Lund University hospital between 2005 and 2011. Histology and staging were reviewed by a thoracic pathologist (HB) in terms of Union for International Cancer Control (UICC) 7 th edition and WHO classification [22, 23] .
Mutation status for epidermal growth factor receptor (EGFR) and Kirsten rat sarcoma viral oncogene homolog (KRAS) was determined using next generation sequencing (NGS) as previously described [24] . Within the Southern Swedish Lung Cancer Study cohort, all cases of adenocarcinoma histology with a pre-operative blood sample available (n = 107) were selected for the present investigation. None of the patients had received neoadjuvant treatment. Information about treatment and metastatic disease (local or distant) were collected from medical records. Date of recurrent disease was set to date of histological examination or date of radiological examination. Patients diagnosed with a suspected second primary lung cancer (of any histology) were censored at the time the suspected second lung cancer was diagnosed (n = 7) since it would not be possible to distinguish if eventual later recurrences originated from the first or second lung cancer. When medical records revealed uncertainties regarding potential metastases or if a metastasis might be derived from another primary tumor the cases were censored at the time of the event (n = 5).
Patient-related variables were age, sex and smoking history. 
Tumor marker measurement
Blood samples were obtained one to six days prior to surgery or earlier the same day as surgery (except for one case where the available sample was from one month prior to the, delayed, operation). Samples were stored at minus 80 degrees Celsius. Serum was obtained for analysis of CEA, CA 125, CA19-9, NSE and HE4. Tumor marker levels were analyzed with ElectroChemiLuminiscence Immunoassay at the Division of Clinical Chemistry and Pharmacology, Department of Laboratory Medicine, University Hospital, Lund, Sweden. According to the manufacturers, cutoff values were as follows: CEA<5μg/L, CA 19-9<35kE/L, CA 125 < 35KE/L, NSE<17μg/L, HE4 premenopausal women <92pmol/L and postmenopausal women <121 pmol/L. Female patients >50 years were assumed to be postmenopausal. Cutoff for male patients were not defined and was set to <121pmol/L.
Statistical analyses
Statistical analyses were conducted using SPSS statistics version 22. Since the tumor markers and the patients' age did not have a normal distribution (data not shown) nonparametric statistical methods were used and data presented with median and interquartile range (IQR). Analysis of association between categorical variables was performed with the chi-square test or Fisher's exact test and linear by linear if an ordered category was analyzed. Mann-Whitney's test was used to compare distributions of continuous variables over categorical variables and Jonkheere-Terpstra test was used to compare distributions of continuous variables over ordered groups. Disease-free survival (DFS) was estimated by the Kaplan-Meier curves and two-sided log-rank tests or log rank trend test were used to compare survival curves. Cox regression was used to estimate the effects of prognostic variables on DFS. A p-value of less than 0.05 was considered statistically significant. NSE was missing in 35 cases (see results) and therefore analyses were performed both with and without NSE included.
Results

Patient characteristics
Patient characteristics are summarized in Table 1 . Median survival time for those patients alive without a relapse, suspected second primary lung cancer or uncertain metastases at last date of follow-up was 86 months (range 55 to 124 months).
History of other cancer than lung cancer was collected from the Swedish Cancer Register in the Southern Swedish Healthcare Region. Register data was missing for two patients, but no other cancer was mentioned in their patient records. Patients with another primary malignancy diagnosed within a year from lung cancer surgery, or with a chronic malignancy, are described in S1 Table. Recurrent disease was diagnosed in 40 patients (37%). However, in one case, liver metastasis that was detected a few weeks after surgery could be visualized also pre-surgery, but was wrongly presumed benign. First site(s) of metastatic disease were thorax (14 patients), CNS 
Elevated tumor markers and level of tumor markers
Analyses of CEA, CA 125, CA 19-9 and HE4 were performed successfully in all pre-operative serum samples (n = 107), whereas analysis of NSE revealed hemolysis in 35 pre-operative samples. Sixty-eight patients (64%) had at least one elevated tumor marker prior to surgery. Distribution of overall positive tumor markers is summarized in Table 2 .
No relationship between discrete categorization of tumor marker levels of any of the tumor markers and EGFR or KRAS mutation status was found using chi-square test or Fisher's exact test. The results remained statistically non-significant even when excluding three rare mutations with more unsure clinical relevance (two P848L and one M766I).
Mann-Whitney's test revealed a significant difference in measured tumor marker level for CA 125 between tumors with EGFR mutation and those without (mean rank 54.28 for EGFR mutation negative and 28. 
Tumor markers and recurrent disease
Survival analysis according to number of elevated tumor markers using DFS as endpoint showed an association of worse prognosis with increasing number of positive tumor markers at time of diagnosis (Fig 1) .
To further analyze this finding we first investigated if DFS differed if the patients had zero compared to at least one positive tumor marker. A non-significant trend of poorer outcome was observed for the latter patient group (log rank test p = 0.18with all tumor markers included and p = 0.14 when NSE was excluded). However, one positive tumor marker compared to zero positive tumor markers was not associated with worse prognosis (log rank test p = 0.86 and p = 0.87 if NSE was excluded). Next, we investigated if there was a difference in DFS between the group of patients with a maximum of 1 positive tumor marker compared to the patients with at least two positive tumor markers (Fig 2) , and found a significantly lower DFS for patients with !2 elevated tumor markers pre-operative (log rank test p<0.001). Two positive tumor markers compared to one was significantly associated with worse prognosis, log rank test p = 0.003 with and without NSE included. In log rank tests, all five tumor markers were assumed to have equal importance. To define the importance of each tumor marker cox regression analyses were performed. Association of elevated tumor marker and DFS was evaluated in univariable cox regression for each tumor marker and for age, sex, stage, adjuvant treatment and mutation status ( Table 4) . As expected, stage was a significant prognostic variable in univariable analysis (although no statistically significant difference between stage II and III was observed). Adjuvant treatment was also defined as a prognostic variable in univariable analysis, probably due to its association with higher stage. Among the tumor markers, positive CA 125 and CA 19-9 displayed a significant association with recurrent disease in univariable analyses and were subsequently analyzed in a multivariable cox regression with stage and adjuvant treatment as covariates (Table 5) .
With all five tumor markers in a multivariable cox regression analyzing the markers' impact on DFS, CA 19.9 (HR = 3.3 95% CI = 1.2-9.4 p = 0.02 and when NSE was excluded: HR = 2.5 95%CI 1.0-6.3 p = 0.048) and CA 125 (HR = 6.1 95% CI = 2.4-15.6 p<0.001 and when NSE was excluded: HR = 3.0 95% CI 1.3-6.9 p = 0.008) remained as the tumor markers associated with higher incidence of recurrent disease. P-values for the other three markers ranged from 0.4 (CEA) to 0.6 (HE4) and was 0.5 (CEA) and 0.9 (HE4) respectively when NSE was excluded. In multivariable analyses (Table 5) , CA 19-9 and CA 125 remained a significant negative prognostic variable when adjusted to stage and adjuvant treatment. Patients with a positive CA 19-9 and/or CA 125 (18 patients, two with both positive CA 19-9 and CA 125) had a worse prognosis compared to patients with neither positive CA 19-9 nor CA 125 adjusted to stage and adjuvant treatment (HR = 2.8, 95% CI = 1.3-5.7, p = 0.006) Among the eight patients with positive CA 19-9, five were diagnosed with recurrence in thorax, two with a second primary lung adenocarcinoma (censored at time of diagnosis of the second primary lung cancer) and one patient was not diagnosed with metastatic disease during our follow-up. Two of the patients with positive CA 125 were diagnosed with metastases in thorax, four patients with metastases in thorax and/or distant metastases and two patients were not diagnosed with recurrence during our follow-up. Two patients had positive CA 19-9 and CA 125, one was diagnosed with metastatic disease in thorax and one with distant metastasis.
Discussion
Many patients with lung cancer are diagnosed in a late disease stage, largely explaining the unfavorable prognosis. However, even among patients with early stage, surgically treated disease, a considerable proportion of patients are later diagnosed with local, regional or distant metastases. Tumor markers measured in serum could be a tool for identifying patients with high risk of recurrent disease.
In the current study, we studied the diagnostic and prognostic value of five tumor markers available in clinical practice. The day before surgery, 68 (64%) patients with stage I-III lung adenocarcinoma had one or more positive tumor marker(s). Thus, this combination of markers shows positivity in too few cases to be useful in early diagnostics/screening for lung cancer or for differential diagnosis between lung cancer and other cancer types.
However, we found that even in this relatively small cohort two of the five studied tumor markers seemed to carry prognostic information. CA 125 and CA 19-9 were both associated with an increased incidence of local and/or distant metastases in univariable analyses. Stage is a well-known prognostic factor in lung cancer and CA 19-9 and CA 125 remained significant prognostic variables (HR 2.5 and 2.4, respectively) in subsequent multivariable analyses with stage and adjuvant therapy as covariates. However, due to the size of the cohort and the relatively few events of positive tumor markers results we acknowledge that results should be interpreted carefully, and that larger, prospective studies are needed to confirm the prognostic associations. Moreover, it is clear that patients without increased levels of tumor markers pre-operative could still develop later metastases and all patients with increased tumor markers were not diagnosed with metastases during our follow-up time. Still, our results points towards an increased incidence of recurrence for patients with a positive pre-operative CA 19-9 and/or CA 125.
In the literature, we could only find few reports of CA19-9 and its potential use in lung cancer, whereas pre-operative CA 125 measured in serum in operable patients has been suggested as a prognostic factor in NSCLC in some studies [25] . However, there are also conflicting results for CA 125 in the literature. For instance, Ma et al. investigated the prognostic values of CA 125, CA 19-9, NSE, CYFRA21.1 and SCC in samples one week before surgery in stage I NSCLC patients and found that CYFRA21.1 was an independent prognostic factor regarding overall survival but the other tumor markers were not [20] . In their study the positive rate of CA 125 and CA19-9 was low, 5% and 4% respectively. In our study, higher positive rates were observed, 9.3% for both CA 125 and CA 19-9, potentially explained by the fact that our study included tumors of stages I-IIIA, while the former study focused only on stage I tumors. In our study, with adenocarcinoma as the only histological subtype, results revealed a significantly shorter DFS in the group with high CA 125 in univariable analysis. This result is similar to results reported by Yu et al. who enrolled 481 patients with operable NSCLC in a study to investigate the prognostic value of NSE and CA 125, finding that both markers could be useful in predicting prognosis [15] although conflicting results have been reported [26] . In the current study we could not reproduce the results for NSE, possibly due to low sample numbers.
The present study has some limitations. The study size is relatively small and analysis of NSE is difficult to interpret due to low sample numbers. Furthermore, the majority of patients included are females (68% compared to 54% females among all lung adenocarcinoma patients in Sweden 2002-2015 [27] ) and smokers (85%). Future studies are indeed needed to investigate potential differences between subgroups of lung cancer patients. Moreover, in future studies, cut-off values for the different tumor markers need to be derived for lung cancer specifically. A larger prospective study could potentially also identify combinations of tumor markers useful in the management of lung cancer patients. Still, our present results suggest that pre-operative serum CA 19-9 and/or CA 125 might correlate with worse DFS in surgically treated lung adenocarcinoma.
Conclusions
Our results indicate that elevated pre-operative serum tumor markers might be associated with an increased incidence of recurrent disease. Specifically, CA 19-9 and CA 125 were identified as potential informative pre-operative markers according to established cutoff values. 
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